Spirula shell, or are mineralized, like the external shell of the nautilid Euciphoceras sp. from the same burial environment as the studied longicones. The Euciphoceras shell was examined under the SEM to give information on preservation of shell material in the burial environment relevant to the interpretation of the original shell material in the studied longicones (S5, S10, S11 Figs). Elemental analyses were performed with an accelerating voltage of 15 kV, and energy calibration as measured on standard minerals of known accuracy were used. All elements were analyzed and no peaks were omitted. The specimen NRM-PZ Mo. 167765 (Fig 1D, E; S4A, B  Fig) was examined using synchrotron based tomographic microscopy (SRXTM) at the TOMCAT beamline of the Swiss Light Source, Paul Scherrer Institute, Switzerland. The specimen (NRM-PZ 167764), studied in detail under the SEM, yielded data on the ultrastructural and chemical information. In these two specimens, distinguishing of the mural, epi-and hyposeptal cameral deposits with the aid of their prismatic ultrastructure and position on septal surfaces and shell wall (Figs 5A and 6A) helped recognize thin non-mineralized, most likely chitinous, septa (Figs 5A and 6A-C; S3; S5A, B Figs). The earlier observed thin nonmineralized chitinous septa of the Eocene coleoid Mississaepia [21, 22] were important for identifying the organic-rich septa in the studied orthocones. The preservation of cameral hyposeptal soft tissues S5A, B Fig) demonstrated that the burial environment could provide fossilization of organic-rich shell wall as well. The Euciphoceras shell (S5, S10 and S11 Figs) shows that the shell wall and septum ultrastructures are well preserved and show clear similarity to those of extant Nautilus, which suggested that the shell ultrastructures observed in the examined straight shells retain their original ultrastructural features, such as micro-banded shell wall. The morphological, ultrastructural and chemical data were compared with the available data on Spirula (Fig 8A, B ; [13, 61] ) and Sepia (Figs 8 and 9 [26, 27] ). In addition, the data on the micro-laminated ultrastructure of the organic rich proostracum in belemnoids [56, [58] [59] [60] as well as the micro-laminated ultrastructure of the chitinous gladius of extant squids (77) were used for the interpretation of the original material of the studied orthocones as well. The combination of morphological, ultrastructural and chemical approaches was useful in the assessment of the biology and systematic affiliation of Antarcticeras. In addition, the different groups of extant and extinct ecto-and endocochleate cephalopods, including extant Spirula (Fig 8A, B; Fig; [16 -19, 67, 68, 74] ) were included in the comparison. Specimen NRM-PZ Mo 167765 (collected in 2013) comes from a shell lens within the Acantilados Allomember (unit Telm 2 in [45] ), deposited in a delta front setting [42] . The site is geographically and stratigraphically close to the site NRM 7 "Channel Site", which has produced the oldest Antarctic mammal findings to date [46] . Specimen NRM PZ Mo 167764 (collected in 2011) derives from the Cucullaea I shell bed, which represents the basal part of the approximately 80 m thick Cucullaea I Allomember (unit Telm 4 in [45] ). It is an up to 3 m thick shell bed dominated by the large, thick-shelled bivalve Cucullaea raea and darwinellid gastropods, but also very rich in vertebrate remains, especially shark teeth [47] . It is situated within the Antarctodarwinella nordenskjoldi Zone [44] . The Cucullaea I shell bed, which might actually consist "of a series of distinct but closely spaced shell bank beds and not a single continuous bank " [44: p. 42] can be traced at several sites along the southern, western and northern flanks of the northern Seymour Island Meseta. According to [44] , the depositional environment of Telm 4 can be described as near shore, high-energy settings with locally protected environments. The latter can be assumed for our fossil site owing to the preservation of complete starfish. According to [42] , Telm 4 represents an estuarine environment. Our Telm 4 fossil site is close to the stratigraphically higher Telm 5 locality IAA 1/90 (64°14'04.67"S; 56°39'56.38"W), from which the oldest animal sperms have been reported [48] . The age of the lower and middle part of the La Meseta Formation (Telm 1 to Telm 5) is controversial. Recently, Douglas et al. [49] proposed that the lower part of the La Meseta Formation (Telm 2 to Telm 4) is no older than the base of the middle Eocene (45 Ma, Lutetian), based on a magnetostratigraphically calibrated dinocyst biostratigraphic framework for the early Paleogene of the Southern Ocean [50] . This agrees with strontium isotope ratios (87Sr/86Sr) from bivalve shells that were used [34] to argue for a middle Eocene age (44.5 or 47.4 Ma). In contrast, strontium data [33] resolved a late early Eocene age (49-51 Ma). According to the new geological map [51] the base of the Acantillados Allomember (= Telm 2-3) is at 56.8 Ma and the base of Cucullaea II (= Telm 5) at 49.0 Ma, which would indicate an Early Eocene (Ypresian) age for our specimens. This older setting is confirmed by [52, 53] who correlated the mammal assemblage from Cucullaea I with the Patagonian locality Paso del Sapo, resulting in a latest early-earliest middle Eocene age (∼49.5 Ma).
